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cathode terminal portion and at least two anode terminal
portions disposed at two sides of the cathode terminal portion
and opposite to each other. The anode terminal portions are
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an extending portion, and the extending portion is bended
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form an anode side plate. Each capacitor unit set includes a
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nected in parallel on a same plane and disposed on the lead
frame. Each capacitor unit has a cathode portion electrically
connected to the cathode terminal portion and an anode por-
tion electrically connected to the anode side plate along the
first direction.
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1
DECOUPLING DEVICE WITH
THREE-DIMENSIONAL LEAD FRAME AND
FABRICATING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 101133539, filed on Sep. 13, 2012. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND

1. Technical Field

The disclosure relates to a decoupling device. Particularly,
the disclosure relates to a decoupling device having a better
process yield and a fabricating method thereof.

2. Related Art

Since a solid electrolytic capacitor has advantages of small
size, high capacitance and a superior frequency characteris-
tic, etc., it is adapted to be used in a decoupling function of a
power circuit of a central processing unit (CPU).

Generally, a plurality of capacitor units can be stacked on a
planar lead frame to form the solid electrolytic capacitor
having a high capacitance, so as to implement as a decoupling
device in the power circuit of the CPU. In an actual applica-
tion, each of the vertically stacked capacitor units includes an
anode portion and a cathode portion. All of the cathode por-
tions are electrically connected to each other through a con-
ductive adhesive. Moreover, all of the anode portions are
pulled-down or bended to be electrically connected to anode
terminal portions located at a same plane of the planar lead
frame, and the anode portions are connected to each other
through multiplayer co-welding.

However, since the anode and the cathode of the decou-
pling device have a great difference in thickness during fab-
rication, the anode is probably broken due to thermal stress of
multiplayer co-welding anode portions, which may lead to
decrease of an effective capacitance. Moreover, if an area of a
solder joint is small, the solder joint is easily oxidized and
insulated, which may cause decrease of an effective number
of connections, and also lead to decrease of an effective
capacitance.

Therefore, how to improve a process yield of the decou-
pling device is an important issue to be studied.

SUMMARY

The disclosure provides a decoupling device including a
lead frame and at least one capacitor unit set. The lead frame
includes a cathode terminal portion and at least two anode
terminal portions. The at least two anode terminal portions
are disposed at two sides of the cathode terminal portion and
are opposite to each other. The anode terminal portions are
electrically connected to each other through a conductive
line, where one of the anode terminal portions extends out-
wards along a first direction to form an extending portion, and
the extending portion of the anode terminal portion is bended
along a second direction to form an anode side plate, where
the first direction is perpendicular to the second direction. The
at least one capacitor unit set includes a plurality of capacitor
units. The capacitor unit sets are electrically connected to
each other in parallel on a same plane and are disposed on the
lead frame, and the capacitor units included in each of the
capacitor unit sets are arranged along the second direction in
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a stacking manner, and each of the capacitor units has a
cathode portion and an anode portion, the cathode portion is
electrically connected to the cathode terminal portion, and the
anode portion is electrically connected to the anode side plate
along the first direction.

The disclosure provides a three-dimensional lead frame,
adapted to carry at least one capacitor unit set, and includes a
cathode terminal portion, a conductive line and at least two
anode terminal portions. The cathode terminal portion has a
space. The conductive line is disposed in the space. The at
least two anode terminal portions are disposed at two sides of
the cathode terminal portion and opposite to each other, and
are electrically connected to each other through the conduc-
tive line, where one of the anode terminal portions extends
outwards along a first direction to form an extending portion,
and the extending portion of the anode terminal portion is
bended along a second direction to form an anode side plate,
where the first direction is perpendicular to the second direc-
tion.

The disclosure provides a method for fabricating a decou-
pling device, which includes following steps. A lead frame
and at least one capacitor unit set are provided. The lead frame
includes a cathode terminal portion and at least two anode
terminal portions disposed at two sides of the cathode termi-
nal portion and opposite to each other. The anode terminal
portions are electrically connected to each other through a
conductive line, where at least one of the anode terminal
portions extends outwards along a first direction to form an
extending portion, and the extending portion of the anode
terminal portion is bended along a second direction to form an
anode side plate, where the first direction is perpendicular to
the second direction. The capacitor unit set includes a plural-
ity of capacitor units. The capacitor unit sets are electrically
connected to each other in parallel on a same plane and are
disposed on the lead frame, and the capacitor units are
arranged along the second direction in a stacking manner, and
each of the capacitor units has a cathode portion and an anode
portion opposite to each other, the cathode portion is electri-
cally connected to the cathode terminal portion, and the anode
portion is electrically connected to the anode side plate along
the first direction.

In order to make the aforementioned and other features and
advantages of the disclosure comprehensible, several exem-
plary embodiments accompanied with figures are described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the disclosure and, together with
the description, serve to explain the principles of the disclo-
sure.

FIG. 1 is a cross-sectional view of a decoupling device
according to an embodiment of the disclosure.

FIG. 2A and FIG. 2B are three-dimensional views of a
front side and a backside of a lead frame according to a first
exemplary embodiment of the disclosure.

FIG. 3 is a cross-sectional view of a capacitor unit 120 of
FIG. 1.

FIG. 4A and FIG. 4B are respectively schematic diagrams
of a decoupling device and an equivalent circuit thereof
according to a second exemplary embodiment of the disclo-
sure.

FIG. 5 is a schematic diagram of a decoupling device
according to a third exemplary embodiment of the disclosure.
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FIG. 6A is a schematic diagram of a decoupling device
according to a fourth exemplary embodiment of the disclo-
sure.

FIG. 6B is a schematic diagram of another decoupling
device according to a fourth exemplary embodiment of the
disclosure.

FIG. 6C is a schematic diagram of still another decoupling
device according to the fourth exemplary embodiment of the
disclosure.

FIG. 6D is a three-dimensional view of the decoupling
device of FIG. 6A.

FIG. 7A is a schematic diagram of a decoupling device
according to a fifth exemplary embodiment of the disclosure.

FIG. 7B is a schematic diagram of another decoupling
device according to the fifth exemplary embodiment of the
disclosure.

FIG. 7C is a three-dimensional view of the decoupling
device of FIG. 7A.

FIG. 8A is a schematic diagram of a decoupling device
according to a sixth exemplary embodiment of the disclosure.

FIG. 8B is a schematic diagram of another decoupling
device according to the sixth exemplary embodiment of the
disclosure.

FIG. 8C is a three-dimensional view of the decoupling
device of FIG. 8A.

FIG. 9A is a schematic diagram of a decoupling device
according to a seventh exemplary embodiment of the disclo-
sure.

FIG. 9B is a schematic diagram of another decoupling
device according to the seventh exemplary embodiment of the
disclosure.

FIG. 9C is a side view of the decoupling device of FIG. 9A.

FIG. 10A is a schematic diagram of a decoupling device
according to an eighth exemplary embodiment of the disclo-
sure.

FIG. 10B is a schematic diagram of another decoupling
device according to the eighth exemplary embodiment of the
disclosure.

FIG. 10C is a side view of the decoupling device of FIG.
10A.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

A decoupling device of the disclosure uses a plurality of
capacitor units that are connected in parallel in a staking
manner, which has a simple fabrication process and a low
equivalent series resistance (ESR).

At least two anode terminal portions of a lead frame of the
disclosure are connected to each other to form a transmission
line structure, and the transmission line structure would be
formed as an inductor at a high-frequency state, which may
constitute a filter with the capacitor units.

The lead frame of the disclosure has a plurality of terminal
structures, and a current transmission distance between adja-
cent terminals is shortened to decrease an equivalent series
inductance (ESL).

The disclosure provides a three-dimensional lead frame
with a cathode and an anode side plates to be applied in a high
frequency decoupling device, and several exemplary embodi-
ments are provided below for descriptions.

FIG. 1 is a cross-sectional view of a decoupling device
according to an embodiment of the disclosure. Referring to
FIG. 1, the decoupling device includes a lead frame 100 and
M capacitor unit sets 130 (M=2 is taken as an example in FIG.
1, through M can also be an even number different to 2). The
lead frame 100 has at least two three-dimensional anode side
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plates 140 bended along a second direction 104 and opposite
to each other. The M (M=2) capacitor unit sets 130 are
arranged on the lead frame 100 in parallel, and each of the
capacitor unit sets 130 includes N capacitor units 120 (N=4 is
taken as an example in FIG. 1, though the disclosure is not
limited thereto). The N (N=4) capacitor units 120 are verti-
cally stacked on the lead frame 100.

Each of the capacitor units 120 includes an anode portion
124 and a cathode portion 122. The cathode portions 122 are
stacked and are electrically connected through a conductive
adhesive 126. Each of the anode portions 124 is electrically
connected to the corresponding anode side plate 140 through
a conductive adhesive 145 in a first direction 102. In this way,
each of the anode portions 124 is electrically connected to the
corresponding anode side plate 140 in a vertical direction,
which may greatly shorten a circuit transmission path to
improve electron transport efficiency. Obviously, by using the
anode side plates 140, the anode portions 124 can be electri-
cally connected to each other without bending or pulling-
down.

FIG. 2A and FIG. 2B are three-dimensional views of a
front side and a backside of the lead frame according to a first
exemplary embodiment of the disclosure. Referring to FIG.
2A and FIG. 2B, the lead frame 200 includes a conductive line
240, a cathode terminal portion 220 and at least two anode
terminal portions 210a and 2105. The cathode terminal por-
tion 220 has a space S. The conductive line 240 is disposed in
the space S. The at least two anode terminal portions 210a and
2105 are located at two sides of the cathode terminal portion
220 and opposite to each other, and are electrically connected
to each other through the conductive line 240. The anode
terminal portions 210a and 2105 extend outwards along the
first direction 102 to form extending portions, and the extend-
ing portions of the anode terminal portions are bended along
the second direction 104 to form anode side plates 215a¢ and
2155, where the first direction 102 is perpendicular to the
second direction 104.

Referring to FIG. 2A and FIG. 2B, the space S can divide
the cathode terminal portion 220 into two sub cathode termi-
nal portions 220a and 2205, and the conductive line 240 is
located in the space S between the two sub cathode terminal
portions 220a and 2205b. The two sub cathode terminal por-
tions 220q and 2205 respectively include at least one cathode
side plate bended along the second direction 104. For
example, as shown in FIG. 2A, the sub cathode terminal
portion 220q includes two cathode side plates 225a and 2255,
and the sub cathode terminal portion 2205 includes two cath-
ode side plates 225¢ and 225d.

Moreover, the cathode terminal portion 220 further
includes a rough structure 230, which is disposed on a surface
of'the cathode terminal portion 220. The rough structure 230
may improve a bonding effect between the corresponding
capacitor unit(s) and the cathode terminal portion 220. The
rough structure 230 can be formed through a stamping or
etching process performed on the cathode terminal portion
220. Moreover, the lead frame 200 further includes an insu-
lation layer 250, which is disposed above the conductive line
240. By using the insulation layer 250, the cathode terminal
portion 220 and the anode terminal portions 210a and 2105
are electrically insulated to each other. Generally, the insula-
tion layer 250 can be adhered on a suitable (predetermined)
position of the lead frame 200 by using an insulation tape.
Moreover, the cathode side plates 225a, 2255, 225¢ and 2254,
the anode side plates 215a and 2155 and the lead frame 200
are formed integrally, and are fabricated by using a same
metal or an alloy material.
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FIG. 3 is a cross-sectional view of the capacitor unit 120 of
FIG. 1. Referring to FIG. 3, each of the capacitor units 120 is
a sheet-like capacitor unit, and has the cathode portion 122
and the anode portion 124 at two opposite ends thereof. Each
capacitor unit 120 may include a valve metal layer 326, a
dielectric layer 316, a conductive polymer layer 314 and a
cathode conductive layer 312. The dielectric layer 316 is
formed on the valve metal layer 326. The conductive polymer
layer 314 is formed on the dielectric layer 316. The cathode
conductive layer 312 is formed on the conductive polymer
layer 314.

A material of the valve metal layer 326 can be aluminium,
tantalum, niobium, niobium oxide, titanium and a combina-
tion thereof. The dielectric layer 316 can be formed by coat-
ing a dielectric material on the valve metal layer 326. The
dielectric layer 316 can also be a metal oxide formed through
oxidation of the surface of the valve metal layer 326 subjected
to a chemical anodic treatment.

Moreover, in each of the capacitor units 120, an insulation
portion 324 can be disposed between the cathode portion 122
and the anode portion 124 for insulating the cathode portion
122 and the anode portion 124.

FIG. 4A and FIG. 4B are respectively schematic diagrams
of a decoupling device and an equivalent circuit thereof
according to a second exemplary embodiment of the disclo-
sure. Referring to FIG. 4A, the decoupling device 400
includes two capacitor unit sets 430a and 4304, and the two
capacitor unit sets 430a and 4305 are disposed in parallel on
a lead frame 410. The two capacitor unit sets 430a and 4305
are respectively located at an upper part and a lower part of the
drawing of FIG. 4A, and the respective cathode portions 422
are adjacent to each other, and the respective anode portions
424 are away from each other. In the embodiment, two sub
cathode terminal portions 412a and 41254, at least two anode
terminal portions 4144 and 4145, and the rough structure 418
in FIG. 4A are similar to the described in FIG. 2A, 2B and,
therefore, are not repeated herein.

As shown in the equivalent circuit diagram of FIG. 4B, a
transmission line structure formed by the conductive line 416
may be formed as an equivalent inductor [. under a high-
frequency operation state, and the equivalent inductor L. and
the equivalent capacitors C of the two capacitor unit sets 430a
and 4305 may be formed a CL.C circuit, which is the so-called
n-type filter. In this way, electronic noise of the high-fre-
quency operation can be effectively removed.

FIG. 5 is a schematic diagram of a decoupling device
according to a third exemplary embodiment of the disclosure.
Referring to FIG. 5, the decoupling device 500 includes four
capacitor unit sets 530a, 5305, 530¢ and 530d. The four
capacitorunit sets 530a, 5305, 530c¢ and 530d are disposed on
a same plane in parallel on a lead frame 510. The capacitor
unit sets 530a and 5304 are located at an upper part of the
drawing of FIG. 5, and the capacitor unit sets 5305 and 530¢
are located at a lower part of the drawing of FIG. 5, and the
respective cathode portions 522 are adjacent to each other,
and the respective anode portions 524 are away from each
other. In the embodiment, two sub cathode terminal portions
512a and 5124, at least two anode terminal portions 5144 and
514b, the conductive line 516, and the rough structure 518 in
FIG. 5 are similar to the described in FIG. 2A, 2B and,
therefore, are not repeated herein.

FIG. 6A is a schematic diagram of a decoupling device
according to a fourth exemplary embodiment of the disclo-
sure. Referring to FIG. 6A, the decoupling device 400
includes two capacitor unit sets 430a and 4305. The two
capacitor unit sets 430a and 43056 are disposed on a same
plane in parallel on a lead frame 410. The two capacitor unit
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sets 430a and 4305 are respectively located at an upper part
and a lower part of the drawing of FIG. 6A, and the respective
cathode portions 422 are adjacent to each other, and the
respective anode portions 424 are away from each other.
Anode side plates 413a and 4135 of the lead frame 410 are
respectively located on the upper part and the lower part of the
drawing of FIG. 6 A, and the anode portions 424 of the capaci-
tor unit sets 430a and 4305 are electrically connected to the
anode side plates 413a and 4135, respectively.

FIG. 6B is a schematic diagram of another decoupling
device according to a fourth exemplary embodiment of the
disclosure. Referring to FIG. 6B, the decoupling device 500
includes four capacitor unit sets 530a, 5305, 530c¢ and 5304d.
The four capacitor unit sets 530a, 5305, 530¢ and 5304 are
disposed on a same plane in parallel on the lead frame 510.
The capacitor unit sets 530a and 5304 are located at an upper
part of the drawing of FIG. 6B, and the capacitor unit sets
53056 and 530c¢ are located at a lower part of the drawing of
FIG. 6B, and the respective cathode portions 522 are adjacent
to each other, and the respective anode portions 524 are away
from each other. An anode side plate 513a of the lead frame
510 is located at the upper part of the drawing of FIG. 6B, and
an anode side plate 5135 is located at the lower part of the
drawing of FIG. 6B, the anode side plate 513a is electrically
connected to the capacitor unit sets 530a and 5304, and the
anode side plate 5135 is electrically connected to the capaci-
tor unit sets 5305 and 530c.

FIG. 6C is a schematic diagram of still another decoupling
device according to the fourth exemplary embodiment of the
disclosure. Referring to FIG. 6C, the decoupling device 500
includes four capacitor unit sets 530a, 5305, 530c¢ and 5304d.
The four capacitor unit sets 530a, 5305, 530¢ and 5304 are
disposed on a same plane in parallel on the lead frame 510.
The capacitor unit sets 530a and 5304 are located at an upper
part of the drawing of FIG. 6C, and the capacitor unit sets
53056 and 530c¢ are located at a lower part of the drawing of
FIG. 6C, and the respective cathode portions 522 are adjacent
to each other, and the respective anode portions 524 are away
from each other. Anode side plates 513a and 5134 of the lead
frame 510 are located at the upper part of the drawing of FIG.
6C, and anode side plates 5135 and 513¢ are located at the
lower part of the drawing of FIG. 6C. The anode side plates
513a and 5134 are electrically connected to the capacitor unit
sets 530a and 5304, respectively, and the anode side plates
5135 and 513c¢ are electrically connected to the capacitor unit
sets 5305 and 530c¢, respectively.

FIG. 6D is a three-dimensional view of the decoupling
device of FIG. 6A. In FIG. 6D, only the four-layer stacked
capacitor units of the capacitor unit set 430a are illustrated,
though the disclosure is not limited thereto. Referring to FI1G.
6A and FIG. 6C, the anode portions 424 of the capacitor unit
set 430qa are perpendicularly and electrically connected to the
anode side plate 413a, respectively.

FIG. 7A is a schematic diagram of a decoupling device
according to a fifth exemplary embodiment of the disclosure.
Referring to FIG. 7A, the decoupling device 400 includes two
capacitor unit sets 430a and 4305. The two capacitor unit sets
430qa and 4305 are disposed on a same plane in parallel on the
lead frame 410. The two capacitor unit sets 430a and 4305 are
respectively located at an upper part and a lower part of the
drawing of FIG. 7A, and the respective cathode portions 422
are adjacent to each other, and the respective anode portions
424 are away from each other. Anode side plates 413a and
4135 of the lead frame 410 are respectively located at the
upper part and the lower part of the drawing of FIG. 7A. The
anode portions 424 of the capacitor unit sets 430a and 4305
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respectively sleeve the anode side plates 413a and 4135 and
are electrically connected thereto.

FIG. 7B is a schematic diagram of another decoupling
device according to the fifth exemplary embodiment of the
disclosure. Referring to FIG. 7B, the decoupling device 500
includes four capacitor unit sets 530a, 5305, 530c¢ and 5304d.
The four capacitor unit sets 530a, 5305, 530¢ and 5304 are
disposed on a same plane in parallel on the lead frame 510.
The capacitor unit sets 530a and 5304 are located at an upper
part of the drawing of FIG. 7B, and the capacitor unit sets
5305 and 530c¢ are located at a lower part of the drawing of
FIG. 7B, and the respective cathode portions 522 are adjacent
to each other, and the respective anode portions 524 are away
from each other. Anode side plates 513a and 513d of the lead
frame 510 are located at the upper part of the drawing of FIG.
7B, and anode side plates 5135 and 513c¢ are located at the
lower part of the drawing of FIG. 7B. Anode portions 524 of
the capacitor unit sets 530a and 5304 respectively sleeve the
anode side plates 513a and 5134 and are electrically con-
nected thereto, and anode portions 524 of the capacitor unit
sets 5305 and 530c¢ respectively sleeve the anode side plates
5135 and 513¢ and are electrically connected thereto.

FIG. 7C is a three-dimensional view of the decoupling
device of FIG. 7A. In FIG. 7C, only the four-layer stacked
capacitor units of the capacitor unit set 430a are illustrated,
though the disclosure is not limited thereto. Referring to FI1G.
7A and FIG. 7C, each of the anode portions 424 of the capaci-
tor unit set 4304 has a sleeve hole 710, which has an area the
same to an area Al of a top surface of the anode side plate
413a. The anode side plate 413a can be inserted into the
sleeve hole 710 of each of the anode portions 424 to achieve
an electrical connection effect.

FIG. 8A is a schematic diagram of a decoupling device
according to a sixth exemplary embodiment of the disclosure.
Referring to FI1G. 8A, the decoupling device 400 includes two
capacitor unit sets 430a and 4305. The two capacitor unit sets
430a and 4306 are disposed on a same plane in parallel on the
lead frame 410. The two capacitor unit sets 430a and 4305 are
respectively located at an upper part and a lower part of the
drawing of FIG. 8A, and the respective cathode portions 422
are adjacent to each other, and the respective anode portions
424 are away from each other. Anode side plates 413a and
4135 of the lead frame 410 are respectively located at the
upper part and the lower part of the drawing of FIG. 8A. The
anode portions 424 of the capacitor unit sets 430a and 4305
respectively penetrate through the anode side plates 4134 and
4135 and are electrically connected thereto.

FIG. 8B is a schematic diagram of another decoupling
device according to the sixth exemplary embodiment of the
disclosure. Referring to FIG. 8B, the decoupling device 500
includes four capacitor unit sets 530a, 5305, 530c¢ and 5304d.
The four capacitor unit sets 530a, 5305, 530¢ and 5304 are
disposed on a same plane in parallel on the lead frame 510.
The capacitor unit sets 530a and 5304 are located at an upper
part of the drawing of FIG. 8B, and the capacitor unit sets
5305 and 530c¢ are located at a lower part of the drawing of
FIG. 8B, and the respective cathode portions 522 are adjacent
to each other, and the respective anode portions 524 are away
from each other. Anode side plates 513a and 513d of the lead
frame 510 are located at the upper part of the drawing of FIG.
8B, and anode side plates 5135 and 513c¢ are located at the
lower part of the drawing of FIG. 8B. Anode portions 524 of
the capacitor unit sets 530a and 5304 respectively penetrate
through the anode side plates 5134 and 5134 and are electri-
cally connected thereto, and anode portions 524 of the capaci-
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tor unit sets 5305 and 530c respectively penetrate through the
anode side plates 5135 and 513¢ and are electrically con-
nected thereto.

FIG. 8C is a three-dimensional view of the decoupling
device of FIG. 8A. In FIG. 8C, only the four-layer stacked
capacitor units of the capacitor unit set 430a are illustrated,
though the disclosure is not limited thereto. Referring to FI1G.
8A and FIG. 8C, the anode side plate 413a has a through hole
810, and each of the anode portions 424 of the capacitor unit
set 430a can be inserted to the through hole 810 to achieve an
electrical connection effect.

FIG. 9A is a schematic diagram of a decoupling device
according to a seventh exemplary embodiment of the disclo-
sure. Referring to FIG. 9A, the decoupling device 400
includes two capacitor unit sets 430a and 4305. The two
capacitor unit sets 430a and 43056 are disposed on a same
plane in parallel on the lead frame 410. The two capacitor unit
sets 430a and 4305 are respectively located at an upper part
and a lower part of the drawing of FIG. 9A, and the respective
cathode portions 422 are adjacent to each other, and the
respective anode portions 424 are away from each other. A
cathode side plate 415 of the lead frame 410 is disposed
between the cathode portions 422 of the two capacitor unit
sets 430a and 4306 of FIG. 9A, and the cathode side plate 415
is electrically connected to the cathode portions 422 of the
capacitor unit sets 430a and 4305 in a line-shape.

FIG. 9B is a schematic diagram of another decoupling
device according to the seventh exemplary embodiment of the
disclosure. Referring to FIG. 9B, the decoupling device 500
includes four capacitor unit sets 530a, 5305, 530c¢ and 5304d.
The four capacitor unit sets 530a, 5305, 530¢ and 5304 are
disposed on a same plane in parallel on the lead frame 510.
The capacitor unit sets 530a and 5304 are located at an upper
part of the drawing of FIG. 9B, and the capacitor unit sets
53056 and 530c¢ are located at a lower part of the drawing of
FIG. 9B, and the respective cathode portions 522 are adjacent
to each other, and the respective anode portions 524 are away
from each other. A cathode side plate 515 of the lead frame
510 is disposed between the capacitor unit sets 530a, 5305,
530¢ and 5304 as that shown in FIG. 9B, and the cathode side
plate 515 is electrically connected to the cathode portions 522
of the capacitor unit sets 530a, 5305, 530c¢ and 5304 in a
cross-shape.

FIG. 9C is a side view of the decoupling device of FIG. 9A.
In FIG. 9C, only the four-layer stacked capacitor units of the
capacitorunit set 430q are illustrated, though the disclosure is
not limited thereto. Referring to FIG. 9A and FIG. 9C, the
cathode side plate 415 is disposed between the cathode por-
tions 422 of the capacitor unit sets 430a and 4305, and is
electrically connected to the cathode portions 422 of the
capacitor unit sets 430a and 4304.

FIG. 10A is a schematic diagram of a decoupling device
according to an eighth exemplary embodiment of the disclo-
sure. Referring to FIG. 10A, the decoupling device 400
includes two capacitor unit sets 430a and 4305. The two
capacitor unit sets 430a and 43056 are disposed on a same
plane in parallel on the lead frame 410. The two capacitor unit
sets 430a and 4305 are respectively located at an upper part
and a lower part of the drawing of FIG. 10A, and the respec-
tive cathode portions 422 are adjacent to each other, and the
respective anode portions 424 are away from each other.
Cathode side plates 415a, 415b, 415¢ and 4154 of the lead
frame 410 are respectively disposed at two outer sides of the
cathode portions 422 of the two capacitor unit sets 430a and
4305 of FIG. 10A, and the cathode portions 422 of the capaci-
tor unit sets 430a and 4305 are electrically connected to the
cathode side plates 4154a, 4155, 415¢ and 415d.



US 9,214,284 B2

9

FIG. 10B is a schematic diagram of another decoupling
device according to the eighth exemplary embodiment of the
disclosure. Referring to FIG. 10B, the decoupling device 500
includes four capacitor unit sets 530a, 5305, 530c¢ and 5304d.
The four capacitor unit sets 530a, 5305, 530¢ and 5304 are
disposed on a same plane in parallel on the lead frame 510.
The capacitor unit sets 530a and 5304 are located at an upper
part of the drawing of FIG. 10B, and the capacitor unit sets
5305 and 530c¢ are located at a lower part of the drawing of
FIG. 10B, and the respective cathode portions 522 are adja-
cent to each other, and the respective anode portions 524 are
away from each other. Cathode side plates 515a, 5155, 515¢
and 5154 of the lead frame 510 are respectively disposed at
outer sides of the capacitor unit sets 530a, 5305, 530c¢ and
530d as that shown in FIG. 10B, and the cathode portions 522
of the capacitor unit sets 530a, 5305, 530¢ and 530c1 are
electrically connected to the cathode side plates 515a, 5155,
515¢ and 515d.

FIG. 10C is a side view of the decoupling device of FIG.
10A. In FIG. 10C, only the four-layer stacked capacitor units
of the capacitor unit set 430q are illustrated, though the dis-
closure is not limited thereto. Referring to FIG. 10A and FIG.
10C, the cathode side plates 415a and 4155 are disposed at
two outer sides of the cathode portions 422 of the capacitor
unit sets 430a and 4305, and are electrically connected to the
cathode portions 422 of the capacitor unit sets 430a and 4305.

In summary, the decoupling device of the disclosure has at
least following effects:

The decoupling device of the disclosure has a three-dimen-
sional lead frame, in which cross-sections of the cathode and
anode of the capacitor units are electrically connected to the
side plates of the cathode and anode terminals of the lead
frame, by which a process yield is increased, and circuit
transmission paths are decreased. Meanwhile, the ESR is
decreased, and the electron transport rate is increased.

Moreover, the transmission line structure is formed
between the two anode portions of the decoupling device. The
transmission line structure may produce an inductance during
a high-frequency operation, and the inductance and the
capacitance may form an equivalent filter circuit. In this way,
the decoupling device further has a filter effect.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the disclosure without departing from the scope or spirit of the
disclosure. In view of the foregoing, it is intended that the
disclosure cover modifications and variations of this disclo-
sure provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:

1. A decoupling device, comprising:

a lead frame, comprising a cathode terminal portion and at
least two anode terminal portions disposed at two sides
of the cathode terminal portion and opposite to each
other, and the anode terminal portions being electrically
connected to each other through a conductive line,
wherein one of the anode terminal portions extends
along a first direction to form an extending portion, and
the extending portion of the anode terminal portion is
bended along a second direction to form an anode side
plate, wherein the first direction is perpendicular to the
second direction, wherein the cathode terminal portion
includes at least one sub cathode terminal portion, and
the at least one sub cathode terminal portion, the anode
side plates and the lead frame are foamed integrally; and

at least one capacitor unit set, comprising a plurality of
capacitor units, wherein the capacitor unit sets are elec-
trically connected to each other in parallel on a same
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plane and are disposed on the lead frame, and the capaci-
tor units comprised in each of the capacitor unit sets are
arranged along the second direction in a stacking man-
ner, and each of the capacitor units has a cathode portion
and an anode portion, the cathode portion is electrically
connected to the cathode terminal portion, and the anode
portion is electrically connected to the anode side plate
along the first direction, wherein the at least one sub
cathode terminal portion is disposed between the cath-
ode portions of the adjacent capacitor units and is
bended along the second direction to form a cathode side
plate.

2. The decoupling device as claimed in claim 1, wherein
the anode portions of the capacitor units are electrically con-
nected to the anode side plate through a conductive adhesive
or welding.

3. The decoupling device as claimed in claim 1, wherein
the anode side plate of the lead frame further comprise at least
one or more sheets of metal used for electrically connecting
the anode portions of the capacitor units along the first direc-
tion.

4. The decoupling device as claimed in claim 1, wherein
the anode portions of the capacitor units respectively com-
prise a sleeve hole used for electrically connecting the anode
side plate along the second direction.

5. The decoupling device as claimed in claim 1, wherein
the cathode terminal portion is electrically connected to the
cathode portions in a line-shape or a cross-shape.

6. The decoupling device as claimed in claim 1, wherein
the cathode portions of the capacitor units are connected to
each other through a conductive adhesive and are stacked on
the lead frame.

7. The decoupling device as claimed in claim 1, wherein
the cathode terminal portion further comprises a rough struc-
ture disposed on a surface of the cathode terminal portion
along the second direction.

8. The decoupling device as claimed in claim 1, wherein
each of the capacitor units comprises:

a valve metal layer;

a dielectric layer, formed on the valve metal layer;

a conductive polymer layer, formed on the dielectric layer;

and

a cathode conductive layer, formed on the conductive poly-

mer layer.

9. The decoupling device as claimed in claim 8, wherein a
material of the valve metal layer is selected from aluminium,
tantalum, niobium, niobium oxide, titanium and a combina-
tion thereof.

10. The decoupling device as claimed in claim 8, wherein
the dielectric layer is a metal oxide of the valve metal layer.

11. The decoupling device as claimed in claim 8, wherein
the cathode conductive layer comprises a carbon adhesive
layer and a silver adhesive layer.

12. The decoupling device as claimed in claim 1, further
comprising an insulation layer disposed above the conductive
line, wherein the cathode terminal portion and the anode
terminal portions are insulated from each other through the
insulation layer.

13. A three-dimensional lead frame, adapted to carry at
least one capacitor unit set, comprising:

a cathode terminal portion, having a space;

a conductive line, disposed in the space; and

at least two anode terminal portions, disposed at two sides

of the cathode terminal portion and opposite to each
other, and electrically connected to each other through
the conductive line,
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wherein one of the anode terminal portions extends out-
wards along a first direction to form an extending por-
tion, and the extending portion of the anode terminal
portion is bended along a second direction to form an
anode side plate, and the first direction is perpendicular
to the second direction,

wherein the cathode terminal portion includes at least one

sub cathode terminal portion, and the at least one sub
cathode terminal portion, the anode side plates and the
lead frame are formed integrally,

wherein the at least one sub cathode terminal portion is

disposed between the cathode portions of the adjacent
capacitor units and is bended along the second direction
to form a cathode side plate.

14. The three-dimensional lead frame as claimed in claim
13, wherein a material of the at least one cathode side plate is
a metal or an alloy.

15. The three-dimensional lead frame as claimed in claim
13, wherein the cathode terminal portion has a rough structure
on a surface along the second direction.

16. The three-dimensional lead frame as claimed in claim
13, wherein a material of the anode side plate is a metal or an
alloy.

17. The three-dimensional lead frame as claimed in claim
13, further comprising an insulation layer disposed on a pre-
determined position, for electrically insulating the anode ter-
minal portions and the cathode terminal portion.

18. A method for fabricating a decoupling device, compris-
ing:

providing a lead frame comprising a cathode terminal por-

tion and at least two anode terminal portions disposed at
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two sides of the cathode terminal portion and opposite to
each other, the anode terminal portions being electri-
cally connected to each other through a conductive line,
wherein at least one of the anode terminal portions
extends outwards along a first direction to form an
extending portion, and the extending portion of the
anode terminal portion is bended along a second direc-
tion to form an anode side plate, wherein the first direc-
tion is perpendicular to the second direction, wherein the
cathode terminal portion includes at least one sub cath-
ode terminal portion, and the at least one sub cathode
terminal portion, the anode side plates and the lead
frame are formed integrally; and

providing at least one capacitor unit set comprising a plu-
rality of capacitor units, wherein the capacitor unit sets
are electrically connected to each other in parallel on a
same plane and are disposed on the lead frame, the
capacitor units comprised in each of the capacitor unit
sets are arranged along the second direction in a stacking
manner, and each of the capacitor units has a cathode
portion and an anode portion, the cathode portion is
electrically connected to the cathode terminal portion,
and the anode portion is electrically connected to the
anode side plate along the first direction, wherein the at
least one sub cathode terminal portion is disposed
between the cathode portions of the adjacent capacitor
units and is bended along the second direction to form a
cathode side plate.

#* #* #* #* #*



